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[57] ABSTRACT 

An optical information processing apparatus includes a 
scanning device for scanning an information track on an 
optical recording medium by a focused light spot, a 
moving device for moving the light spot in the direction 
of an optical axis of the scanning device and/or in a 
direction which is perpendicular to the optical axis with 
respect to the information track, a. detecting device for 
detecting focusing and/or tracking error signals of the 
light spot with respect to the information track, a con- 
trol device for returning the detected error signal to the 
moving device, a limiting device for electrically limit- 
ing a range of movement of the light spot, and an adjust- 
ing device for adjusting the range of movement of the 
light spot which is limited by the control device in 
accordance with a sensitivity of the moving device. 

10 Claims, 6 Drawing Sheets 
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trie converting elements 115 and 116, respectively, so 
OPTICAL INFORMATION PROCESSING that the objective lens 110 is moved and the AT and AF 

APPARATUS INCLUDING A UMITER FOR are executed. On the other hand, reference numeral 119 

LIMITING ERROR OF FOCUSING AND/OR denotes a system 'controller to control a recording and 
TRACKING ACTUATORS AND A CIRCUIT FOR 5 reproducing apparatus and 120 indicates a group of 
' ADJUSTING THE LIMIT RANGE THEREOF various control signals wh5ch ^ e outp ut from the sys- 

tem controller 119. Although signals other than signals 
BACKGROUND OF THE INVENTION 12Q are aJsQ QUtput from the contro ii er 119, they are not 

1. Field of the Invention shown here. Reference numeral 121 denotes an optical 
The present invention relates to an optical informa- 10 head and 122 indicates a drive motor to move the opti- 

tion processing apparatus in which an optical recording ^ nead m trie direction indicated by arrow u in FIG. 1. 

medium is scanned by a focused light beam and infor- jhe light beam from the light source 107 is converted 

mation is recorded thereon and/or reproduced there- to the para n e j ij g ht by the collimating lens 108 and is 

fro m - 15 transmitted through the beam splitter 109. Thereafter, 

2. Related Background Art the H ht is f ocused onto the recording track on the 
Hitherto, various kinds of media, such as the disk cafd m fe ^ objective Iens 110 . ^ light 

type, card type, tape type, and the like have been known £ recording track is again transmitted 

as forms of recording media to throug h the beam splitter 109 and is divided into two 

thereon, and to read out the recorded information there- f * 

from, b^ using light beams. Among them, the demand 20 light beams by a beam splitter 109 . The divided light 

for an optical information recording medium formed in beams are respectively focused onto the photoelectric 

a card shape (hereinafter, referred to as an "optical converting element 115 for tracking signal detection 

card") is increasing more and more as a small-sized and and the photoelectric converting element 116 for focusr 

light-weight portable medium having a large memory ing signal detection by the condenser lenses 113 and 

capacity. 25 114. Electric signals from the photoelectric converting 

FIG. 1 is a schematic plan view of such an optical elements 115 and 116 are used as a tracking error signal 

card 101. Reference numeral 102 denotes an informa- and a focusing error signal by the tracking controlling 

tion recording area; 103 indicates an information track; circuit 117 and the focusing controlling circuit 118, 

reference numerals 104 and 104' denote track selecting respectively. By allowing currents to flow through the 

' areas; and reference numeral 105 indicates a home posi- 30 tracltin g co q m focusing coil 112, the objective 

tion of a light spot. lens 110 j s m0 ved and the AT and AF are executed. 

Information is recorded as an optically detectable FIG 3 {s a detailed d i agra m of the tracking control- 
recording bit train (information tracks) on the optical j. circuit 117 

card 101 by scanning by a light beam modulated in f a ^ $ame ^ com onents as 
accordance with recording information and focused to 35 ■ designated by the same reference 
a m cro spot. In this case, to accurately record informa- lIlUM: * uc B / a^^a k„ .h. 
tion without causing any difficulty such as crossing of A trackin 8 error ^gnal 203 detected by the 
information tracks or the like, the irradiating position of photoelectric converting element 115 is transmitted 
the light spot needs to be controlled (auto tracking; through a phase compensating circuit 202 and a hmiter 
hereinafter, referred to as an "AT') on the optical card 40 301 and is amplified by an operational amplifier 302 and 
surface in a direction perpendicular to the scanning is input to the tracking coil 111. The limiter 301 is used 
direction. On the other hand, in order to irradiate the to limit the maximum current which flows through the 
light spot as a micro spot of a stable size irrespective of coil 111. The maximum current is limited a to prevent a 
any bending or mechanical error of an optical card, it is breakage of the actuators due to the inflow of an over- 
necessary to control auto focusing (hereinafter, referred 45 current or to prevent unnecessary motion of the objec- 
to as an "AF") in the direction perpendicular to the tive lens when noises appear in the signal 203 due to 
optical card surface. In addition, the AT and AF are dus t 0 r scratches on the medium, 
also necessary in the reproducing mode. However, in the foregoing conventional apparatus, 
FIG. 2 shows a constructional diagram of an appara- even m tne ^ when a variation in sensitivity of the 
tus for recording information onto and reproducing 50 actU ators occurs, depending on the type of apparatuses 
information from an optical card. Reference numeral usedj the max j muin current is constant. Therefore, the 
106 denotes a motor to drive the optical card 101 in the mov j ng distance of the objective lens due to the limited 
directions indicated in the diagram by the double-head currenl differs, dependent on each of the actuators, 
arrow 107 is a light source such as a semiconductor ^ . fa tfae ^ Qf the actuat0f having a high sensi . 
laser; 108 a collimating lens to convert the light from 55 tivity> the movingdistance oft he objective lens is large, 
the light source 107 into the paralle light beam; 109 a Qn * * fa ^ Q&se rf ^ actuatQr of a low 

beam splitter; ^^^^j^^^^ ™* sensitivity, the moving distance is small. Therefore, 
112 a focusing coil; 113 and 114 condenser lenses; 115 f* . ° . . . , . ^ 

and 116 photoelectric converting elements for tracking la 'S e n0ises » the » due t0 dust 0 

signal defection and for focusing 'signal detection; 117 a 60 scratches on the medium. A variation in movement 
tracking controlling circuit; and 118 a focusing control- a ™ unt of the objective lens occurs when the current is 
ling circuit. The coils 111 and 112 are combined with »«»ted depending on the type of apparatus used. This 
magnets (not shown) and construct a tracking actuator presents a problem such that in a certain apparatus, the 
and a focusing actuator, respectively. Currents are al- AT is effective notwithstanding the existence of a large 
lowed to flow through the tracking coil 111 and focus- 65 amount of dust, but in another apparatus, the AT is 
ing coil 112 in response to "commands from the control made ineffective, even by the existence of a small 
circuits 117 and 118 on the basis of a tracking signal and amount of dust, and in this manner, the quality of the 
a focusing signal which are detected by the photoelec- apparatus becomes unstable. 
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The tracking signal 203 which is detected by the 

SUMMARY OF THE INVENTION photoelectric converting element 115 is first input to the 

It is an object of the present invention to solve the phase compensating circuit 202 to stabilize the AT 

problems in the conventional techniques mentioned servo and is transmitted through a circuit constructed 

above and to provide an optical information processing 5 by the operational amplifier 204 and is input to a circuit 

apparatus in which even if there is a variation in sensi- constructed by the operational amplifier 205. Thus, 

tivity of the actuators of the apparatuses, a limit range current flows through the tracking coil 111. The diodes 

of the movement of a light spot by a limiter can be Di and D 2 are provided to limit the maximum current 

adjusted to be constant. which is allowed to flow through the coil 111. For 

The above object of the invention is accomplished by 10 instance, it is assumed that 
an optical information processing apparatus comprising: 

means for scanning an information track on an optical *2- 

recording medium by a focused light spot; means for /? 5 =in 
moving the light spot in the direction of an optical axis 

and/or the direction which is perpendicular to the opti- 15 flnd the voltages in the forward direction of Di and D 2 
cal axis with respect to the information track; means for are get tQ QJ v> respect ively. When noises appear in the 
detecting focusing and/or tracking error signals of the signal 203 and the y^ge at po i nt a becomes larger 
light spot with respect to the information track control than Q ? v the vo i tage at po i n t B is held to 0.7 V by the 
means for returning the detected error signal to the ^ f unct i on 0 f tne limiter of the diode Di or D 2 . 
moving means; means for electrically limiting a moving Qn the other hand> tne variable resistor VR 2 is pro- 
range of the light spot; and means for adjusting a range yided t0 correct * a variation in the sensitivity of the 
of movement of the light spot which is limited by the actuators. A sensitivity S of the actuator is expressed as 
control means in accordance with a sensitivity of the follows, 
moving means. 25 

BRIEF DESCRIPTION OF THE DRAWINGS movement amount of the objective lens 10 

FIG. 1 is a schematic plan view showing an example s = current \ \ I » 

of a conventional optical card; 

FIG. 2 is a schematic diagram showing an example of 3Q There i$ aho a variat i on j n sensitivity S even among the 

a conventional optical information recording and repro- $ame kind of ac tuators. Therefore, if the sensitivity 

ducing apparatus using the optical card shown in FIG. variation is not corrected, a variation in AT servo gain 

1; also occurs depending on the actuator used, so that an 

FIG. 3 is a block diagram showing an example of a apparatus in which the AT servo does not stably func- 
construction of a conventional tracking controlling 35 tion j s manufactured. Therefore, when the actuator of a 

circuit which is, used in the apparatus shown in FIG. 2; sensitivity is used, by setting the resistance value of 

FIG. 4 is a block diagram showing an embodiment of y Rz t0 a sma u value, the amplification factor of the 

a tracking controlling circuit which is used in the appa- electric circuit is reduced. Conversely, when the actua- 

ratus of the present invention; tor of a low sensitivity is used, by setting the resistance 

FIG. 5 is a block diagram showing another embodi- va i ue 0 f VR2to a large value, the amplification factor of 

ment of a tracking controlling circuit for use in the tne electric circuit is increased. Consequently, the AT 

present invention; servo gain of any apparatus is set to the same value. 

FIG. 6 is a schematic diagram showing yet another j n e variable resistor VR2 also functions to adjust the 

embodiment of an apparatus of the present invention; movement amount of the objective lens which is limited 

FIG. 7 is a block diagram showing a construction of 45 by the limiter comprising diodes Dt and D2. For in- 

a tracking controlling circuit in the apparatus shown in stance, when the actuator having a standard sensitivity 

FIG. 6; and is used, if it is assumed that VR 2 = 10 ktt, noises appear 

FIG. 8 is a block diagram showing an embodiment of in the signal 203 and the voltage at point A is larger than 

a focusing controlling circuit which is used in the pres- 0.7 V, so that the voltage at point B is held to 0.7 V as 
ent invention. 50 mentioned above and the current flowing through the 

~r~r- a tt ™ r^o^n tdtthm TUTr coil 111 is set to 0.7 A. For instance, when the actuator 

DE L J^?o^ ^^^x^mt4 having a sensitivity which is twice as high as the Stan- 

PREFERRED EMBODIMENTS dard * nsitivity is ' used| the amp iir lca tion factor of the 

FIG. 4 is a block diagram showing an embodiment of electric circuit needs to be reduced by one half in order 

a tracking controlling circuit which is used in an optical 55 to make the AT servo gain constant. The resistance 

information processing apparatus of the present inven- value of VR2 in this example is adjusted to 5 kH. At 

tion. In the apparatus of the invention, the construction this time, the limit current value is set to 0.35 A. 

other than the tracking controlling circuit is the same as Although the current value differs, since half the cur- 

that in the example of FIG. 2. Therefore, in FIG. 4, the rent flows through the coil of the actuator of the sensi- 

same parts and components as those in FIG. 2 are desig- 60 tivity which is twice as high as the standard sensitivity, 

nated by the same reference numerals. the movement amount of the objective lens is equal to 

In FIG. 4, reference numeral 202 denotes the phase the movement amount of the objective lens of the actua- 

compensating circuit; 201 indicates a tracking control- tor having the standard sensitivity, 

ler which receives signals from the system controller As described above, according to the present inven- 

119 and controls the whole tracking controlling circuit 65 tion, even when there is a variation in sensitivity among 

117; 204 and 205 indicate operational amplifiers; Ri, R2, the actuators, the movement amounts of the objective 

R3, and R5 indicate resistors; VR 2 indicates a variable lenses can be equalized. Thus, it is possible to prevent a 

resistor; and D\ and D2 indicate diodes. variation in movement amount of the objective lens 
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depending on the apparatus used, which variation oc- same reference numerals. Reference characters R21, 
curs when the current is limited by the appearance of R23, R24. and R25 denote resistors and VR21 indicates a 
large noises in the signal 203 due to dust or scratches on variable resistor to correct a sensitivity variation of the 
the medium. Consequently, the quality can be stabi- actuators. 

lized. 5 In the embodiment, the tracking error signal 203 

FIG. 5 is a block diagram showing another embodi- detected by the photoelectric converting element 115 is 
ment of a tracking controlling circuit which is used in transmitted through the phase compensating circuit 
the invention. In FIG. 5, the same parts and components 202, the operational amplifier 204, a holding circuit 209, 
as those in FIG. 4 are designated by the same reference and the operational amplifier 205, and is input to the 
numerals and their detailed descriptions are omitted. In 10 tracking coil 111. On the other hand, an output of the 
the example of FIG. 4, the variation among the actua- lens position sensor 206 is second-order differentiated 
tors has been corrected by providing the gain adjusting by a second order differentiating circuit 207 and be- 
means at a post stage of the limiter. However, in another comes a signal indicative of the acceleration (corre- 
embodiment, a limit value of the limiter is made variable sponding to the moving acceleration of the light spot) of 
in place of the gain adjusting means. 15 the objective lens. The acceleration signal is input to a 

In FIG. 5, Ru to Rudenote resistors; VRn indicates window comparator 208. When the level of the input 
a variable resistor to correct the sensitivity variation of acceleration signal becomes a predetermined value or 
the actuators; Dn and D12 indicate diodes constructing higher, the window comparator 208 outputs a signal to 
a limiter; VRu and VRn indicate variable resistors to instruct the holding circuit 209 to hold. When the signal 
adjust the voltage at point B when the current is limited; 20 is received from the window comparator, the holding 
and + V and -V represent DC voltage sources. circuit 209 holds the voltage at point B. 

It is now assumed that m= 1 kH and when an actua- In the construction as mentioned above, when noises 
tor having a standard sensitivity is used, VRi = 100 kfl. are generated in the signal 203, the tracking actuator 
Variable resistors VRn and VR t3 are adjusted so as to tries to a great extent to move the objective lens. Then, 
keep the voltage at point B to 7 V when noises appear 25 the acceleration of the objective lens which is detected 
in the signal 203 and when the voltage at point A be- by the lens position sensor 206 and differentiated by the 
comes larger than 0.7 V. Practically speaking, the cath- second order differentiating circuit 207 exceeds the 
ode voltage of Di 1 is set to +6.3 V by adjusting VRu. limit value of the window comparator 208. At this time, 
Similarly, the anode voltage of D12 is set to -6.3 V by in accordance with the signal from the window compar- 
adjusting VR13. Thus, the current flowing through the 30 ator 208, the holding circuit 209 holds the voltage at 
coil 111 is set to 0.7 A. point B, thereby preventing a larger current from flow- 

For instance, when an actuator having a sensitivity ing through the tracking coil 111. 
which is twice as high as the standard sensitivity is used, In this embodiment, the actual motion of the objec- 
it is necessary to reduce the amplification factor of -the tive lens is detected and the current flowing through the 
electric circuit into a half value in order to make the AT 35 actuator is limited on the basis of the result of the detec- 
servo gain constant. The resistance value of VRi is tion. Therefore, even if there is a sensitivity variation of 
adjusted to 50 kft. At this time, it is necessary to set the the actuators, the moving ranges of the objective lenses 
limit current value to 0.35 A. Therefore, VR12 and can be equalized. 

VR13 are adjusted so as to keep the voltage at point B to In this embodiment, the holding circuit can also be 
3.5 V. Practically speaking, the cathode voltage of Dn 40 arranged at a different position, for instance, between 
is set to +2.8 V by adjusting VR12. Similarly, the anode point A and the resistor R21. 

voltage of Duis set to -2.8 V by adjusting VR13. Thus, Although the embodiments have been described with 
the limit current value is set 0.35 A. Although the cur- respect to the tracking controlling circuit, the invention 
rent value differs, since half the current flows through can also be applied to a focusing controlling circuit in a 
the coil of the actuator having the sensitivity which is 45 similar manner. For instance, the focusing controlling 
twice as high as the standard sensitivity, the movement circuit which is used in the invention can be constructed 
amount of the objective lens is equal to the movement as shown in FIG. 8. The construction other than the 
amount of the objective lens of the actuator having the focusing controlling circuit 118 is the same as that in the 
standard sensitivity. example of FIG. 2. In FIG. 8, the same parts and com- 

FIG. 6 is a schematic diagram showing yet another 50 ponents as those in FIGS. 2 and 4 are designated by the 
embodiment of an optical information processing appa- same reference numerals and their detailed descriptions 
ratus of the invention. In FIG. 6, the same parts and are omitted. 

components as those in FIG. 2 are designated by the In FIG. 8, reference numeral 210 denotes a focusing 
same reference numerals and their detailed descriptions controller which receives signals from the system con- 
are omitted. 55 troller 119 and controls the whole focusing controlling 

In FIG. 6, reference numeral 206 denotes a lens posi-. circuit 118. 
tion sensor to detect the position in the tracking direc- As will be apparent from FIG. 8, the focusing con- 
tion of the objective lens 110 with respect to the optical trolling circuit for use in the invention can also be con- 
head 121. A detection signal of the lens position sensor structed in a manner similar to the tracking controlling 
206 is input to a tracking controlling circuit 127 to- 60 circuit. On the other hand, the embodiments of FIGS. 5 
gether with a tracking error signal which is detected by and 7 may also be directly applied to the focusing con- 
the photoelectric converting element 115. As such a trolling circuit. In this case, the photoelectric convert- 
lens position sensor; it is possible to use a sensor disr ing element 115 for tracking signal detection and the 
closed in, for instance, U.S. Pat. No. 4,853,917. tracking coil 111 are replaced by the photoelectric con- 

FIG. 7 is a block diagram showing a construction of 65 verting element 116 for focusing signal detection and 
. the tracking controlling circuit 127 in the apparatus the focusing coil 112. On the other hand, in the example 
shown in FIG. 6. In FIG. 7, the same parts and compo- of FIG. 7, the lens position sensor 206 is also readily 
nents as those in FIGS. 4 and 6 are designated by the modified so as to detect the position of the direction 



04/14/2004, EAST Version: 1.4.1 



5,029, 

7 

(focusing direction) of the optical axis of the objective 
lens. 

The present invention is not limited to the foregoing 
embodiments, but many modifications and variations 
are possible within the spirit and scope of the appended 5 
claims of the invention. For instance, the shape of the 
optical recording medium which is used in the appara- 
tus of the invention is not limited to the card shape, but 
may be set to any of the disk type, tape type, and the 
like. 

What is claimed is: 

1. An optical information processing apparatus com- 
prising: 

scanning means for scanning an information track on ^ 
an optical recording medium by a focused light 
spot; 

moving means for moving the light spot in at least 
one of a direction of an optical axis of said scanning 
means and a direction which is perpendicular to the 20 
optical axis with respect to the information track, 
said moving means having a predetermined sensi- 
tivity; 

means for detecting at least one of focusing and track- 
ing error signals of the light spot with respect to 25 
the information track and for producing a corre- 
sponding detection error signal; . 

control means for returning the detection error signal 
to said moving means; ^ 

means for limiting a range of movement of the light 
spot; and 

means for adjusting the range of movement of the 
light spot which is limited by said control means in 
accordance with the sensitivity of said moving 35 
means. 

2. An optical information processing apparatus com- 
prising: 

a light source for emitting a light beam; 

an objective lens for focusing the light beam emitted 40 
from said light source onto an information track on 
an optical recording medium; 

means for relatively moving the medium with respect 
to the light beam; 

an actuator for driving said objective lens in at least 4 $ 
one of a direction of an optical axis of said objec- 
tive lens and a direction which is perpendicular to 
the optical axis, said actuator having a predeter- 
mined sensitivity; 

a detector for detecting at least one of focusing and 50 
tracking error signals of the light beam with re- 
spect to the information track; 

a controlling circuit for returning the error signal 
detected by said detector to said actuator; 55 

a limiter provided in the controlling circuit for limit- 
ing a range of movement of said objective lens; and 

an adjusting circuit for adjusting the range of move- 
ment of said objective lens which is limited by the 
limiter in accordance with the sensitivity of said 50 
actuator. 

3. An apparatus according to claim 2, wherein said 
adjusting circuit and said limiter comprise:- 

an amplifier for amplifying the signal returning to 
said actuator as an input; 65 

a circuit for adjusting gain of said amplifier in accor- 
dance with the sensitivity of the actuator; and 



8 

a circuit for limiting a level of the signal returning to 
said actuator through said amplifier to a value 
within a predetermined range. 

4. An apparatus according to claim 2, wherein said 
adjustingi circuit and said limiter comprise: 

an amplifier for amplifying a signal input to said actu- 
ator; 

a circuit for adjusting gain of said amplifier in accor- 
dance with the sensitivity of the actuator; 

a limiting circuit for limiting a level of the signal 
output from said amplifier to said actuator; and 

a circuit for adjusting a limit value of said limiting 
circuit in accordance with the sensitivity of said 
actuator. 

5. An apparatus according to claim 2, wherein said 
detector comprises a photoelectric converting element 
for receiving a light beam reflected by the medium. 

6. An optical information processing apparatus com- 
prising: 

a light source for emitting a light beam; 

a lens for focusing the light beam emitted from said 
light source onto an information track on an optical 
recording medium; 

means for relatively moving the medium with respect 
to the light beam; 

an actuator for driving said lens in at least one of a 
direction of an optical axis of said lens and a direc- 
tion which is perpendicular to the optical axis, said 
actuator having a predetermined sensitivity; 

a detector for detecting at least one of focusing and 
tracking error signals of the light beam with re- 
spect to the information track; 

a controlling circuit for returning the error signal 
detected by said detector to said actuator; 

an instructing circuit for setting a predetermined 
range of movement of said lens and for monitoring 
movement of said lens with respect tot he predeter- 
mined range and for outputting a signal prior to a 
time when said lens exceeds the predetermined 
range; and 

a holding circuit arranged in said controlling circuit 
for receiving the output signal from said instructing 
circuit and for holding the error signal which is 
input to said actuator. 

7. An apparatus according to claim 6, wherein said 
instructing circuit comprises means for detecting accel- 
eration of said lens and means for outputting the signal 
when the detected acceleration exceeds a predeter- 
mined range. 

8. An apparatus according to claim 7, wherein said 
instructing circuit comprises: 

a sensor for detecting a position of said lens; 

a differentiating circuit for second-order differentiat- 
ing an output of said sensor; and 

a window comparator for comparing an output of 
said differentiating circuit with a predetermined 
value. 

9. An apparatus according to claim 6, wherein said 
controlling circuit includes: 

an amplifier for amplifying the signal input to said 
actuator; and 

a circuit for adjusting gain of said amplifier in accor- 
dance with the sensitivity of said actuator. 

10. An apparatus according to claim 6, wherein said 

detector comprises a photoelectric converting element 

for detecting a light beam reflected by the medium. 
***** 
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Line 11, "comprising" should read — that includes — ; 

Line 18, "track" should read — track; — ; and 

Line 36, "which is," should read — which is — . 

COLUMN 4 

Line 24, "follows." should read —follows: — . 
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CERTIFICATE OF CORRECTION 



PATENT NO. 

DATED 

INVENTOR(S) 



5,029,151 
July 2, 1990 
Satoshi Shikichi 
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It is certified that error appears in the above-identified patent and that said letters Patent is hereby 
corrected as shown below: 
COLUMN 8 

Line 37, "tot he" should read —to the 



Attest: 



Attesting Officer 



Signed and Sealed this 
Fifth Day of January, 1993 



DOUGLAS B. COMER 
Acting Commissioner of Pu tents and Trademarks 
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